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Neurochemical Studies of Reactive Proliferative Glial 
Cells in Injured Rat Brain, and Their 
Relations to Blood-Brain-Barrier 
by 
HrROTst・c u SAMESHIMA 
Department of Neurosurgery, School of Medicine, 
Toho university, (Director : Prof Dr. SAsuRo AwAzu) 
The metabolic specificity of reactive proliferative glial cells produced by subpial 
undercutting of unilateral frontal lobe of rat brain, especially the functional feature 
of blood-brain-barrier was studied morphologically and biochemically. 
The results were as follows : 
1) Electron-microscopically, the proliferation of glia fibrils began to start one week 
after operation, then the cytoplasm and perivascular endfeet of astrocytes were filled 
up with the glia fibrils at one month after operation. The nucleus of the astrocyte 
was alternated into polynuclear state and the perivascular endfeet showed the 
aggregation of mosaik like structure with the marked glia fibrils. 
The submicroscopic feature at three months after operation stil remained to 
the same findings as one month after operation. These results suggest that the 
proliferation completes at one month after the operation. 
2) The basic morphological structure of the blood-brain-barrier, so called vasoglial 
unit, which was constituted by endothel, pericyte, basement menbrane, endfeet and 
astrocyte was kept almost normally in the relation to these structure of the tissue 
after the gliosis completed. 
3) Incorporation value of 32P administered intraperitoneally into brain tissues in the 
stage of the brain edema was four times higher than the intact control tissue. But 
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there was no remarkable change in the incorporation of 32P between the gliosis tissue 
and the intact tissue at the time when the gliosis was accomplished. These resluts 
suggest that the gliosis induced a restoration of damaged blocd-brain-barrier. 
4) There was a little difference at the peak period between the gliosis and the 
intact tissues in the incorporation of D glutamic acid into brain tissue from blood, 
but in the control group the peak of its incorporation value corresponded to those 
in blood. However, there was no significant difference between the gliosis and the 
intact control tissues in the incorporation of D tyrosin which was well known amino-
acid easily transported through the blood-brain-barrier. 
5) In the gliosis tissue the phospholipid content revealed 70° n of the intact control 
tissue. Especially in the brain phospholipids, it was recognized that a turn-over rate 
of phosphorus of phosphatidyl ethanolamine was higher than that of the control. 
The gliosis tissue, namely the reactive proliferative glial cells, are til now 
merely regarded as the cicatrical tissue. But from this investigation the author 













































































































































Fig. 1 1 month after operation (H. E〕×400 Fig. 2 1 month after operation (Penfield）×400 
Fig. 4 1 week after operation X 3000 




Fig. 5 2 weeks after OFerat1on×3000 
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Table 1 32P incorporation into rat brain tissue 
after intraperitoneal injection 
｜ 川R計百n /¥ CPM/ l ／~－ a’”ハ
i g.w.w. i¥・ control) Condition 
1 week after i Control I 3.74、10叶I I -- I 3.70 
Ope rat ion I Ope rat ion I 13.8 105 I 
1 month I I I I Control I 1.52×105 ! after I ! i I : I 1.15 
operation I Operation I 1.75x105 I 
Table 2. D-glutamic acid incorporation into rat brain 
Brain tissue 
Time after injection I Blood Control Operation 
i mμmoles/ml m11moles/mg.w.w. i mμmoles/mg.w.w. 








262.5土 37.5(8) 15.lOrl.74(8) 
D glutamic acid content was shown as mean二S.D.
Number in parenthesis was given experimental numbers. 
Table 3. D tyrosine incorporation into rat brain 
13.96 1.17 (8) 
13.09土2.13(8)
12.52士2.01(8)
Time aft…ction ! Serum i Control Brain tissue 
i m11moles/111l [ μmoles/g.w.w. 
15 min I 0.33土0.0川 I 0.山 0川
30 min 0 41 0.04(10) I 0.37 c 0.03(10) 
60 min I 0.25 0.03(10) j 0.42土0.02(10)
120 min I 017 0.02(10) I 0.29士0.05(10)
D tyrosine content was shown as mean + S.D. 




0.46 0 03(10) 
0.49→0.03(10) 
036土0.03(10)
































32P INCORPORATION INTO RAT BRAIN TISSUE 
(lnt'Bcyot lnj.) 





















Table 4. 32P INCORPORATI0:--1 1:-ITO :lllCl¥OSO:llλしドl{.¥CllO:'¥OF RAT BRA!!¥ 
(3hr after lntracyst. Jnj.) 
Condition 
Lipid-P : : I 
I P-Inositide I P-Choline I P-Serine 
(tig/g) I I I 
I P-Ethanol- I P-Phosphati-
i amine I die acid 
ldist.0;,I 6.3 1 42.9 
93.3 i ' 
I S.A i 29.0 ! 4.4 i 8.4 
Control 
9.3 33.8 I 2.1 
4.5 I 51.2 
ldist.%1 6.1 I 40.7 I 11.4 I 35.2 i i.2 
Gliosis 63.3 I一一一一一一｜一一一一一一一一－！ I 
! S.A ! 17.9 』 6.9 I 20.3 8.1 s8.o 
Exp. 




activityでみると， gliosis側は pinositideのみが わるところがない．しかし，この強い浮腫の時期にお
対照側よりも低い以外は全て高し対照側との比では いても毛細血管の tightjunction，および基底膜には
p-ethanolamineが， p-cholineより 高い．これは 何ら破綻が認められない．一方内皮細胞の， pinocy・
全脳での傾向ど同様であり， gliosis側で 32pの取り totic vesicles は明らかに数を増し， pinocytosis
込みが高し特に p-ethanolamineの代謝回転が速 による物質輸送26）が場加していることが考えられた．










る組織J,(1,(.:1士，Cajal5>,PenfieJdl引，等により， 1920 周辺に圧倒＝され，細胞質は， wateryな部分と，摺殖
～1930WIU二段んにM,;Jされ，光学顕微鏡的にはグリ した gliafibrilsによってほとんどが占められてい
ア細胞の増殖．すなわち， gliosisは脳における癒痕 る．また細胞質の突起内にも．さらに毛細血管周囲足
組織と してみなされ．その機能的特徴はほとんど究明 においても gliafibrils は噌殖してネーている．
されてけない.Schultz2l＇は電子顕微鋭を用いること BakaylJは， prolongedhypoxiaによ り1～4日
により廠痕組織を細胞単位で研究することを試みてい と6～20日との2つの時期にわけ7日以降に， glia
るが，その後能面での追求は不充分て・ある 一方，反 fibrilsが増殖してくると報告している.Blakemore 
Lし、性に増殖したグリア細胞を単なる綴痕組織と考える れは凍結損傷lこより 3～4日目にgliafibrilsの噌殖
ことに対する疑問は， 1939年， Bielschowsky引によ が起こると報告し， Maxwell6＞は 1週間後より綴痕
り従起されている. i衿r行士1前損傷に陥「J'oしておこるグ 化は始まると している．切裁による脳鼠傷においては














附州1隊法明確となる． ！泡，周皮細胞， ~＼＿~／氏膜， Jfil'i~＼＇・周囲足，星状修細胞とい
これら光顕で確認された gliosis 組織を Hl~良にて観 う脳におけるJ点本的防ibi土一応保たれてロるのであ
策すると，術後u週間までは屋状！謬細胞の！日i化，細 る すなわち， i呈状！穆細胞とその’J);i~ ＇. i ，神経細胞と
脳内微細世帯伐の減少， ゲリコーゲ ン頼ねの明大等， E細血管との間にあっ て，B.B.B.の一部を構成して
Farquhar7l, Luse14＇ちに より検，）.jされ，その後一)!If いるという所謂 vasoglialunitの説に立つならば，






























































いること等考え合わせると， j主必の BB.B. ！土損傷脳
においても修復されているが，広義に輸送機構として
とらえる時は両者に明ら品、l二差が認められた これ ら
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